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Abstract 

This report  summarizes  project activity during the period 1 July, 

1966  to 30 September, 1966.  P rogres s  in the analysis of data obtained on 

the 8 May 1966  balloon flight, post flight tests and calibrations of the F - 4  

MRIR and the IRIS instrument, and preparations for the next balloon flight 

a r e  described. 
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I Introduction 

This is the 15th Quarterly P rogres s  Report on Contract No. NASr-54(03), 
covering the period 1 July, 1966  to  31 September, 1966. The project effort 

during this t ime period w a s  divided among the following tasks :  
I 1. Analysis of Balloon Flight Data. 

2.  Laboratory testing of the F-4 MRIR radiometer .  
I 

I 
3. Laboratory testing of the infra-red interferometer  spectrometer .  
4 .  Preparat ions for the next balloon flight. 
5. Report writing. 

I1 Analysis of Balloon Flight Data 
The evaluation of data f rom the 8 May 1966 balloon flight has continued. 

Summaries  of results a r e  given below. 
A. Balloon Performance 
Balloon performance w a s  summarized in  the p rogres s  repor t  05863- 
Data on the balloon configuration, weight, the trace of the t ra jectory 14-P .  

over the earth,  and the NCAR altitude vs. time curve w e r e  shown. 
Analysis of p re s su re  altitude data taken by U. of Michigan instrumentation 

indicates a float altitude slightly different than that obtained by the NCAR photobaro 
graph. 
ifidicates an  average float altitude of 7 mb., which is about 0. 7 mb. (1 700 feet)  
higher than indicated by the NCAR instrument. 
show g rea t e r  fluctuations i n  float altitude during the day. 

The two sets of data are shown in  figure 1. The U. of Michigan data 

The U. of Michigan data a lso 

The difference between these two se t s  of data is somewhat grea te r  than 
would be expected ar,d has not been resolved so far. 

B. Air Temperature  Data 
Air  temperature  data obtained during balloon ascent was also shown in 

p rogres s  repor t  05863-14-P. 
f igure 2 air temperature  data taken during the balloon ascent by U. of Michigan 
the rmis t e r  beads is compared with air temperature data obtained with the 
NCAR radiosonde. 
data except in the 400-600 mb. region. 
i n  calibration of the U. of M. beads, however, since the beads were destroyed 
when the balloon gondola returned to ear th  the difference cannot be resolved. 

Additiocal data is shown in figures 2 to  6. In 

The U. M. data is significantly different f rom the radiosonde 
This difference may be due to e r r o r s  

1 



Figure 3, 4 and 5 show a i r  temperature  data taken by radiosondes at 
five Weather Bureau Stations surrounding the launch site at 1200, 1800 and 
2400 G. M. T. The ra ther  large spread of temperatures  shown by this  data 
at low altitudes and in the tropopause regions eliminates any possibility of 
resolving the difference in  the balloon ascent data noted above. 

been adopted fo r  transmissivity calculations is shown in figure 6.  

The smooth curve of a i r  temperature  vs  p re s su re  altitude which has 

C. Relative Humidity Data 
Relative humidity data taken by the radiosondes at 5 stations in  the 

vicinity of the launch s i te  a r e  given in tables  1 to 5. 
plotted in  figures 3-5 and the dew point temperature  a r e  also given for 
reference.  

The temperature  data 

D. Gondola Azimuth Data 

The interpretation of the "MRIR" radiometer  so la r  radiation channel 
data requires  a knowledge of the azimuth of the scan plane of the radiometer .  
Azimuth data is obtained by a Disc Instruments, Inc. Model 835 Rotoswitch, 
which is a photoelectric bi-directional incremental  shaft encoder. 
of view of the photocell, determined by a mask with two slits, is a ver t ical  
plane. The position of the rotating ver t ical  plane is monitored by the Roto- 
switch shaft encoder. 
reference line on the balloon gondola is determined f rom the shaft encoder 
data for  the various t imes  at which the ver t ical  plane passes  through the sun. 
The azimuth of the gondola reference line is then calculated f rom sun azimuth 
data and the shaft encoder data. 

The field 

The aximuth angle between the ver t ical  plane and a 

Figure 7 i s  a plot of sun azimuth and elevation vs.  t ime f o r  the 8 May 
1966 balloon flight. 
gondola. 
reference line. 
viewed from above. Thus Oo azimuth is north, 90' is east, e tc . .  

The gondola rotational motion indicated i n  figi.1-t 9, is qualitatively 
During the 

Figure 8 shows the re ference  line on a plan view of the 
Figure 9 shows the t ime variation of the azimuth of the gondola 

In this figure azimuth is measured clockwise f rom north, as 

typical of the rotations usually obtained on our balloon flights. 

2 



ascent to altitude there  a r e  fa i r ly  rapid rotations, due  to the torque induced 
at launch and to  the torques induced by the changing balloon configuration a s  

it inflates during ascent. 
at float altitude (0840 EST on this balloon flight). 

smal l  motions during the r e s t  of the flight at  float altitude, with a minimum 
of rotation at local noon, and with noticeable increase in rotation in  the af ter-  
noon a s  the sun elevation angle decreases .  

The rotation decreases  when the balloon a r r i v e s  
Usually there  a r e  occasional 

The rotational motions at  float altitude on this balloon flight were 
smal le r  than on other U. of M. balloon flights. 
attributed to the ladder type suspension used on this flight. 
quarterly report  05863-14-P). 
line was usually a single long cable, which had l e s s  res is tance to  rotational 
motions. 

This decreased rotation is 
(see fig. 14 in 

On previous flights the long portion of the load 

On this balloon flight rotational motions of the gondola were introduced 
deliberately at one hour intervals during the morning. Torques were applied 
by 10  second je t s  of dry nitrogen through 2 orifices located on opposite s ides  
of the balloon gondola. 
2200 p s i  initial p ressure  and was released by electrical  valves after passing 
through a p re s su re  regulator which reduced the p re s su re  to  about 65 p s i .  
The quantity of gas  (14 cu ft. at 70°F and 1 atmosphere) w a s  sufficient for  11 

cycles. 
these je ts  applied at  0720 and 0820 EST a r e  not easily detected in the rotational 
motions because of the large rotations already existing during ascent. 
rotations produced at 0920, 1020 and 1120 EST can be seen in figure 3. 

The nitrogen supply was car r ied  in a smal l  tank at 

On this flight 6 of these occured before launch. The resu l t s  of 2 of 

The 

E. Housekeeping Data 
Housekeeping data obtained on the 8 May 1966  balloon flight a r e  shown in 

figures 10-20, 
stepping re lay  in the calibrate monitor circuit occurred. 

2 0  show data obtained up to  this t ime. 
three thermis tors  fo r  the remainder of the flight. 

Complete data was obtained up to 0750 EST, when the failure of 3 

Figures  10-18 and 
Figure 1 9  shows data obtained from 

3 



Figure 1 0  shows temperatures measured at 3 places in the gondola 

battery compartment. The decrease in temperature which takes place after 
launch indicates that the battery compartment insulation was not a s  effective 
a s  i t  has been on previous flights. 
time to  determine the minimum temperature obtained before the normal 
increase which occurs at float altitude during the day. 
of the decrease of the temperature of the bottom of the battery compartment 
to 0920 EST., in direct  analogy to the decrease of the distribution box a i r  
temperature shown in figure 19, indicates a temperature minimum of perhaps 
8OC. 

is much lower than should be obtained with proper insulation. 

Data was not obtained fo r  a long enough 

However extrapolation 

Although this temperature is not dangerous fo r  battery operation, i t  

Figures 11, 12 and 1 3  show temperatures  at various locations inside 
and on top of the gondola. 

in the tropopause by at least  one inch of polyethelene beadboard. 

(fig. 11)  are  all protected against low temperatures  by heaters  with thermo- 
s ta ts  that operate at 6O C and therefore do not go below this temperature .  
decrease obtained after launch for the other locations is quite normal. 

These locations a r e  protected f rom the cold a i r  

The cameras  

The 

Temperatures of the IRIS (Infrared Interferometer Spectrometer) 
instrumentation a r e  shown in figure 14. 

atures  a r e  controlled. 
variation which is considered to  be normal f o r  an instrument inside of the 
second level of the gondola. 

The head and warm blackbody temper-  
The temperature  of the electronics package shows a 

Fil ter wedge instrumentation tempera tures  a r e  shown i n  figure 15. 
Again, the decrease in temperature  of the door and electronic package a r e  
quite normal. 
instrument itself, the fi l ter  wedge bolometer, blackbody and the edge of the 
bottom plate do not show much temperature  decrease  after launch. 

Since a fairly large amount of power was dissipated in the 

MRIR temperature data is shown in f igures  16-19.  Figure 16 shows 
temperatures of the auxiliary mir ror ,  which has no insulation, and the door 
motor which is only poorly insulated. 
-32.5OC. was the lowest temperature  recorded on the balloon gondola. 

The m i r r o r  temperature  minimum of 
The 
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The MRIR door motor (fig. 161, the MRIR door and the MRIR (fig. 1 7 )  
distribution box show successively higher temperature  minima, consistant 
with their  power dissipation and insulation. 
a r e  shown in  figure 18 and are as expected. 

MRIR instrument temperatures  

Figure 1 9  shows the three "housekeeping" temperatures  measured 
throughout the flight. The MRIR m i r r o r  temperatures  shows the extreme 
temperature  variations which a r e  to  be expected of an uninsulated portion 
of the gondola. 
the sun. 
of 9OC. and shows fluctuations due to solar  heating. 
a i r  temperature  shows an increase consistant with continuous illumination 
of the gondola by the sur,. 

The temperature  maxima a r e  due to direct  illumination by 
The MRIR chopper #1 temperature indicates a minimum temperature  

The distribution chass i s  

Figure 20  shows voltages of the thermis te r  power supply which re -  
mained constant as long a s  they were measured. 

F. IRIS (Infrared Interferometer Spectrometer) Data Analysis 
The technique of analysing the IRIS data was perfected during this 

quarterly work period. Details of the work included: 
1, Analog interferograms were put into IBM compatible format with 

the use  of the Meteorological Department CDC computer. 
2 .  Individual interferograms were carefully examined and a f e w  

selected f o r  the calculation of spectra .  
3 .  The analytical technique of applying calibrations w a s  developed 

and p rograms  w e r e  written for  this purpose. 
4.  After considerable effort, it was realized that the pre-flight cali-  

bratiorrs were not valid and s o  in-flight calibrations w e r e  used for  data analysis.  
At the end of this work period, spec t ra  had been calculated for  all of the 

interferograms selected. 
111 Laboratory Testing of the F - 4  MRIR Radiometer 

The thermal  channels of the F-4  MRIR have been recalibrated.  
post-flight calibrations are in basic agreement with pre-flight calibrations made 
in  February,  1966  and thus demonstrate that no ser ious damage w a s  done to the 
instrument in the launch disaster  of 2 6  May 1966.  

These 

A portion of the data with 
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both scanner and electronics module at 25OC. is shown i n  tables 6 -9 .  

IV y e  (IRIS) Interferometer 

and a post flight calibration. 
re-built  and a new dry box was constructed for  the calibrations. 

Laboratory Tes ts  of the IRIS instrument included a check of resolution 

The Laboratory's  large blackbody source w a s  

The resolution check and calibrations demonstrated two facts :  
a )  That the interferometer suffered no deterioration i n  performance 

during the flight. 
b )  The pre-flight calibrations ca r r i ed  out at Bendix Systems Division 

and at Chrysler M i s s i l e  Division w e r e  not valid because of contami- 
nation of the calibration chamber by water vapor. 

A s  a result ,  data analysis of the 8 May 1966 balloon flight data has  been 
car r ied  out using in-flight calibration data and a new environmental chamber 
has been purchased for use i n  carrying out interferometer  calibrations in  the 
future. 
V Preparations for the Next Balloon Flight 

Work i n  preparation for  the next balloon flight can be divided into two 
categories;  repair  of old equipment and design and construction of new equipment. 

Equipment repaired included : 
a )  The p res su re  altitude measuring unit. 
b )  Cameras  (repaired by J. A. M a u r e r  Co. ). 

c )  Brush recorders .  
d)  Thermis te rs  for measurement  of "housekeeping" temperature  data. 
e )  The MRIR electronics (distribution) chassis .  
After the construction and testing of prototype circui ts  for  a new gondola 

timing and control system, pa r t s  w e r e  ordered for  the new system. 
VI Report Writing 

A paper, published i n  May, 1966, and not reported on in the quarter ly  
1 1  report  covering that period is 

an Interferogram", by M. T.  Surh, Applied Optics vol. 5, pp 880, May 1966. 
The Effect of Time J i t te r  in the Sampling of 

6 



Another paper, by S. R. Drayson and C. Young, "Intensities of the 
Carbon Dioxide Band in the 12-18 Micron Spectral  Region, 'I w a s  presented at 

the Symposium on Molecular Structure and Spectroscopy, Ohio State University 
Sept., 1966. 
par t ly  under another contract, cwb- 11 376. 

The work reported on w a s  performed in  par t  on this  project and 

VI1 F u t u r e  Work 
The main effort during the next work period wil l  be devoted to:  
1) Data analysis 
2 )  Construction of new balloon flight instrumentation 
3 )  Report Writing 

7 
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TABLE 6 F - 4  MRIR CALIBRATION DATA 

6. 7 Micron  Channel 

Scanner  25° /Elec t ronics  25' 

OC 

- 93 

-8 3 

- 73 

-63 

-5 3 

-43 

- 33 

-2 3 

-1 3 

- 3  

I 

S. B. S .B.  U . M .  

1 0 / 2 / 6 4  1 0 / 1 2 / 6 4  2 / 6 5  

5 . 2 0  

5 .  15 

5 .00  

4 .80  

4 .50  

4.05 

3. 40 

2 . 5 5  

1. 50 

- -  

5 . 2 5  

5 . 1 5  

5 .10  

4 90 

4 . 5 5  

4. 05 

3. 40 

2 .  60 

1. 50 

- -  

- -  

- -  

- -  

4 . 2 0  

3. 95 

3.55 

2 . 9 0  

2. 05 

1 . 0 0  

- -  

S. B. 

4 / 8 / 6 5  

4.  70 

4. 60 

4 . 4 0  

4 . 2 5  

3. 95 

3.45 

2 . 8 0  

2 . 1 0  

1. 05 

- -  

U. M a  

9 /  65 

4. .95 

4 . 8 5  

4. 65 

4 . 4 0  

4.05 

3. 60 

3. 05 

2 .20  

1 . 1 0  

- -  

1 3  

S. B. 

1 2 / 2 0 / 6 5  

4. 70 

4. 65 

4.55 

4. 30 

4.10 

3. 60 

3.00 

2 . 1 0  

1 . 1 0  

- -  

S. B. 

12 / 2  9 /  65 

4. 70 

4. 65 

4.55 

4. 30 

4 . 1 0  

3. 60 

3. 00 

2 . 1 0  

1 . 1 0  

- -  

U. M. 

2 / 1 / 6 6  

5. 1 5  

5.00 

4 . 8 4  

4.56 

4 . 2 5  

3. 75 

3.10 

2 . 2 6  

1 . 1 5  

- -  

U. M. 

7 / 6 / 6 6  

- -  

4.88 

4 . 7 5  

4. 50 

4 . 1 3  

3. 63 

2.95 

2 . 1 0  

1 . 0 0  

- -  



TABLE 7 F - 4  MRIR CALIBRATION DATA 

1 0 - 1 1 Micron  Channel 

Scanner  25° /Elec t ronics  25O 

C 

-93 

-8 3 

-73 

-63 

-5 3 

-43 

-33 

- 2 3  

-1 3 

-3 

7 

17 

2 7  

37 

47 

0 

S. B. 

1012 / 64 

6. 30 

6 . 2 0  

6.  00 

5 .  85 

5.  65 

5 "  35 

5 . 0 0  

4. 60 

4 .  05 

3.55 

3. 00 

2 .  30 

1 .  50 

0. 65 

- -  

S. B. U. M. 

1 0 / 1 2 / 6 4  2 / 6 5  

6. 25 

6. 15 

6 .  05 

5 . 8 5  

5. 60 

5. 30 

5 *  00 

4 . 5 5  

4.10 

3. 50 

3.20 

2.25 

1. 50 

0. 70 

- -  

- -  

- -  

- -  

5. 60 

5 . 4 0  

5 . 1 5  

4 . 8 0  

4 . 4 0  

3. 90 

3. 40 

2.85 

2 . 2 0  

1 . 5 0  

- -  

- -  

S. B. 

4 / 8 / 6 5  

6. 10  

6.  00  

5 . 9 0  

5.  65 

5 . 4 5  

5.15 

4 . 8 5  

4 . 4 0  

4 . 0 0  

3. 50 

2 . 9 0  

2. 25 

1. 50 

0. a0 

- -  

U. M. 

91 65 

6 .  10  

6.  05 

5 . 9 0  

5 .  70 

5 . 4 5  

5 . 1 5  

4 .80  

4 .40  

3. 95 

3 . 4 5  

2 . 9 0  

2 . 2 5  

1 . 5 5  

0 . 7 5  

- -  

S. B. 

12 / 201 65 

6. 10  

6. 00 

5 . 8 5  

5. 65 

5 . 4 5  

5.15 

4. 85 

4 .45  

3. 95 

3. 50 

2 . 9 0  

2. 25 

1 . 5 5  

0 . 7 5  

- -  

S. B. U. M. 

1 2 / 2 9 / 6 5  2 / 1 / 6 6  

6. 05 

5 . 9 5  

5 .  80  

5 .  65 

5 . 4 0  

5 .10  

4 . 8 5  

4 . 3 5  

3. 90 

3. 40 

2 . 8 5  

2 .20  

1. 50 

0. a0 

- -  

- -  

6. 14 

5 .  96 

5 . 7 5  

5 .50  

5 . 1 9  

4.85 

4 .45  

3. 99 

3.45 

2 . 8 5  

2 . 2 0  

1 . 5 0  

0. 70 

- -  

U. M. 

7 / 6 / 6 6  

- -  

5.90  

5 . 8 0  

5. 60 

5 . 3 5  

5.  05 

4. a0 

4. 30 

3. 85 

3. 35 

2.75 

2 .15  

1. 50 

0 . 7 5  

- -  

14 



T A B L E  8 F - 4  MRIR CALIBRATION DATA 
14-16 Mic ron  Channel  

Scanner  25O / Elec t ron ic s  25' 

C 
0 

- 93O 

-83O 

- 73O 

' -63O ' -53O 

~ -43O 

' -33O 

-23' 

-1 3O 

-5.5O 

S. B. S. B U. M. 

1 0 / 2 / 6 4  1 0 / 1 2 / 6 4  2 / 6 5  

5 . 0 0  

4. 70 

4 . 3 5  

3. 85 

3 .40  

2 . 7 5  

2 ,  30 

1 . 5 5  

0 . 8 0  

- 0 . 2 0  

5 . 0 0  

4. 70 

4 .35  

3, 90 

3. 35 

2 .75  

2 .15  

1. 50 

0. 75 

0 .15  

- -  

- -  

- -  

3.45 

3.05 

2 . 5 5  

1 . 9 5  

1. 25 

0 .45  

- -  

S.B. U.M.  

4 / 8 / 6 5  9 / 6 5  

4 .80  4.  75 

4 . 4 0  4 .55  

4 .10  4 .15  

3. 75 3. 70 

3 .25  3.20 

2 .  60 2 .65  

.2 ,00  2 . 0 0  

1 .35  1 . 3 5  

0.  60 0 .55  

0 .00  +0.05 

15  

S. B. 

1 2  / 201 65 

4.75 

4. 40 

4 .00  

3. 50 

3.  05 

2 . 5 0  

1 . 8 5  

1 . 2 0  

0. 50 

+ O .  05 

S. B. U. M. 

1 2 / 2 9 / 6 5  2 / 1 / 6 6  

4. 75 

4 . 4 0  

4 . 1 0  

3. 60 

3 .10  

2 . 5 5  

1 . 9 0  

1 . 2 5  

0.  50 

+O.  05 

4 . 9 4  

4. 63  

4 .25  

3, 77 

3. 30 

2 . 7 5  

- -  

- -  

- -  

- -  

U. M. 

7 / 6 / 6 6  

- -  

4.51 

4.16 

3. 70 

3 . 1 9  

2 . 6 1  

1 . 9 5  

1 . 2 5  

0. 50 

- -  



C 

-93 

-8 3 

- 7 3  

-63  

-5 3 

-43  

- 33 

-23  

-13 

- 3  

0 

" 
d 

1 7  

27 

37 

47 

~ 

S. B. 

10 /2 /64  

5.  80 

5.  60 

5 . 4 0  

5 . 2 5  

5 . 0 0  

4.  65 

4 .  30 

3. 95 

3. 50 

3" 00 

2 . 4 0  

1 . 8 0  

1.  15 

0.  40 

- -  

TABLE 9 F - 4  MRIR CALIBRATION DATA 

5-30 Mic ron  Channel  
Scanner  2 5 / Elec t ron ic s  2 5O 

S. B. U . M .  

10 /12 /64  2 / 6 5  

5 .  80 

5 .  65 

5 .  50 

5 .  25 

5 . 0 0  

4. 70 

4 . 3 5  

3. 90 

3. 50 

3 , o o  

2 .  40 

1 .80  

1. P O  

0. 50 

- -  

- -  

- -  

- -  

5. 30 

5 . 1 0  

4 . 8 0  

4 .  40 

3. 95 

3. 50 

2 .95  

2 . 4 0  

1 . 8 0  

1. 15 

0 . 3 5  

- -  

S.B.  U . M .  

4 / 8 / 6 5  9 /65  

5 .  70 

5.  50 

5 . 3 5  

5 . 1 0  

4 . 8 5  

4.  60 

4 .25  

3. 90 

3. 40 

2 . 9 5  

2.  40 

1 . 8 5  

1. 15  

0. 40 

- -  

5 . 8 0  

5.  70 

5 . 5 5  

5. 30 

5 . 0 0  

4.  70 

4 .  30 

3. 90 

3 .45  

3 . 0 0  

2 . 4 5  

1. 80 

1. 15 

0. 35 

- -  

S. B. 

12 /2  O /  65 

5 .  65 

5 .  50 

5 . 3 5  

5.  15  

4 . 8 5  

4 . 5 5  

4 . 2 0  

3. 80 

3. 40 

2 . 9 0  

2 .  40 

1 . 7 5  

1 . 1 5  

0 . 3 5  

- -  

S. B. U. M. 

1 2 / 2 9 / 6 5  2 / 1 / 6 6  

5 .  70 

5.  50 

5 . 3 5  

5 .10  

4 . 8 5  

4 . 5 5  

4. 25 

3. 80 

3 . 4 0  

2 . 9 0  

2 . 3 5  

1 . 7 5  

1. 15  

0 . 3 5  

- -  

16  

5 .  98 

5 .  80  

5 .  60 

5 . 3 5  

5.  05 

4.  75 

4 . 4 0  

4 . 0 0  

3. 50  

3 . 0 0  

2 . 4 5  

1.  82 

1 . 1 0  

0. 35 

- -  

U. M. 

7 / 6 / 6 6  

- -  

5.  70 

5 .  50 

5.  26 

5 . 0 0  

4 .  70 

4. 33 

3. 90 

3. 46 

2 .  96 

2 . 4 3  

1 .81  

1. 15 

0.  41 

- -  
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Figure 1 1  
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Figure 1 2  
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